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(57) A finer tor a plasma display panel «^erein the 
fme has a laminated body, as a constituent element, n 
wWch 0 units {3sn^10) each consisting of a meta^^tc 
S f?m and a silver transparent electric.conducU|r 
film are successively laminated unit after unit on a sur- 
fed a transparent film base, and a melall.cc^ef.hn 

ia termed on the unHs as an outermostJayer of thetem- 
nated body, each metallic oxide film having opttcal 
JJnSanS of a refractive index of 1 .5 to 2 7. each 

^rVrt electric-conductor film having ath.*- 
ness selsubstantially to a Iwed value in a range of from 
S^aS nm^ of the metalUc oxide film put directly on 
5,6 surface of the base and the outermost-layer metallic 
SifTmhaving a thicKness 5« O^-^^) .m^slarge 

■ as the thickness of each silver transparent « ertnc^n 
Surlor f ilm, each of the pther metallic «Kle«^ 
halfway between the metalHc oxide film put Erectly on 
Siesurtace of the base and the outermost-layer metallic 
SdefTm having a thickness 5 (l^-'S)*-"^ '^f 
as the thickness of each silver transparent electnc-oon- 

ductor film. 
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Descrl|»tion 



BACKGROUND OF THE INVENTIOM 
5 1. Reid of the invention 

[0001 ] The present invention relates to a fitter for a ptasma display panel (hereinafter abbreviated to 'POP") disposed 
on the front surface of a PDF in order to simultaneously cut electromagnetic waves and near infrared rays generated 
from the PDF, and a PDF display unit this filter stuck thereto. 
10 [0002] The present application is based on Japanese Patent Appiicatjons Na Hei. 10-273043 which is Incorporated 
herein by reference. 

2> D^iplton of tfw Rgiat^i M 

15 [0003] A POP is charged vnth gas mainly consisting of inert gas, particularly neon. In the POP, electrons cfischarged 
from a cathode are accelerated so as to have a collision with gas moleculars and make their way to an arxxie wtiile 
being exited or ionized. Positive ions generated in the anode also collide against the cathode so that electrorv are emit- 
ted so as to oomnnence electrical discharge At this time, electromagnetic waves and near Infrared rays are emitted with 
the transition procedure ol neon atoms. 

20 [0004] The emitted near infrared rays have a wavelength in a range of from 650 to 1 ,200 nm. On the other hand, the 
light sensitivities of remote controllers for household appliartces, KARAOKE equipments, audic/video systems, etc. are 
in a range of from 700 to 1 .300 nm. Therefore, there has arisen a prot^em that the near infrared rays emitted from the 
PDF cause erroneous operations in the reniote controllers. However, the near infrared rays are generated on the prin> 
ciple of the PDF, and they cannot be prevented in the PDF itself. 

25 [0005] Therefore, a filter for cutting electromagnetk: waves and near infrared rays generated from the PDP has been 
investigated. In the backgrourxf art, for example, there was employed a method in which a plate in which an acrylic 
sheet with low-resistance metal meshes or etched meshes Ixiried therein and an acrylic sheet mixed with a dye ntate- 
rial at)Sort)ing near infrared rays are stuck or thermally fused >mth each other, a plate in which a film including a near 
infrared ray alssort^er is stuck to a glass sheet having a silver thin film or the like formed cfirectly by a sputtering process. 

30 or a plate in whk;h a sheet having a silver thin f am or the like formed by a sputtering process is stuck to an acrylic sheet 
mixed with a dye material absorbing near Infrared rays, is set on the front side of the PDP through an air layer. 
[0006] The above-mentioned mesh type can obtain a tow resistance value, but it has dra^>ack8 that a filter for cutting 
near infrared rays is necessary otherv^se, and a moire phenomenon is produced due to the display pattern intervals of 
the PDP so that the display quality deteriorates. In the filter produced by a dry process represented by the sputtering 

95 process, no moire phenomenon is seen, txit there has been no filter which can satisfy at the same time tfie properties 
of low resistance, visible ligfit transparency, cutting of near infrared rays of 850 to 1 .200 nm, and low viable light reflec- 
tion, and whteh can be formed in a comparatively simple laminated configuratk)n. Further^ since the filter Is set on the 
front side of the PDP through an air layer in such a hiethod. the visibility is reduced and the features of the PDP, that is, 
ligfitness in weight and thinness in thickness, are spoiled. 



SUMMARY OF THE INVENTION 

[0007] It is an object of the present inventk)n to provide a PDP filter which can satisfy at the same time the properties 
necessary for a PDP such as electromagnetic wave shielding properties, near Inlirared ray cutting properties, tow visilale 
45 light reflectk>n properties, and so on, in a comparatively sinple laminated conriguratk>n, and which is superior in vislt>il- 
ity. light in weight and thin in thickness. It is another object of the present invention to provide a PDP display unit having 
this PDP fater. 

[0008] In order to solve the above problem, according to the present invention, a filter fc^ a plasma dspla^ panel is 
constituted by a laminated body in which n units (S^rbglO) each consisting of a metallic oxide fim and a silver transpar- 

so ent electric-conductof film are successively laminated unit after unit on a surface of a transparent film base, and a 
metallic oxk^e film is formed on the units as an outermost layer of the laminated body. Each metallic oxide film has opti- 
cal transparency of a refractive index of 1.5 to 2.7. and eadh silver transparent electric-corxfuctor film has a thickness 
set substantially to a fixed value in a range of from 5 to 20 nm. Each of the metallic oxide film put directiy on the suiface 
of the base arKi the outernx)St-layer metallic oxide film has a ttikioiess 5/2 (1±0.15} times as large as the thickness of 

BS each silver transparent eiectric-conductor film. Each of the other metallic oxkie films k>cat6d halfway between the metal- 
lic oxide film put directiy on the surface of the t^ase and the outermost-layer metallk: oxide film has a tNckness 5 
(1±0.15) times as large as tiie thickness of each silver transparent electrk^-corvJuctor film. 

[0009] Further, according to the present inventkKi. when a hard coat layer is formed on the surface of the outermost 
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metaHic oxide film and when the retractive index of the hard coat layer exceeds 1 .45, the objects of the present invention 
can be attained by the laminated body in which an anti-reflection and anti-contamination layer 0.001 to 1 \M thick is 
further formed oh the hard coat layer. Preferably, the hard coat layer is a coating film having a refractive index of 1 .45 
or less, a thickness of 0.05 to 1 0 ^m. and an angle of contact with water of 90** or more. 
5 [001 0] In another aspect, the objects are attained by the laminated body in which a f am in which a hard coat layer, an 
anti-reflection layer and an anti<ontaminatk)n layer are formed on one surface of another transparent film base is pre- 
pared, and the film is stuck to the surface of the outermost metallic oxide film through a transparent adhesive layer 
formed on the other surface of the other transparent film base, 

[0011] Further, in the laminated body, it is preferable that an undercoat layer with a refractivity of 1.5 or less and a 
10 thtokness of 0,05 to 1 jim is formed fc>etween the surface of the transparent film base and the metallic oxkle film provkJed 
on the surface of the film base. 

[001 2] Further, according to the present invention, the laminated body in which a transparent adhesive layer 1 0 to 500 
lim thick is formed on the back surface of the transparent film base is stuck to a front display glass portion of a PDP 
through the transparent adhesive layer (Fig. 7). or the laminated body is stuck, through the transparent adhesive layer, 
IS to the other surface skJe of a transparent molded t>ody which Is attached at its on surface side to the frorrt skle of a PDP 
through an air layer (Rg. 8). Thus, the expected objects of electromagnetic wave shieWing propertiea. near infrared ray 
cutting properties and low visible light reflection properties necessary to a PDP can be attained by a comparatively sim- 
ple laminated configuration. 

[001 31 In addition, it is also possible to provide a PDP display unit having a PDP front filter which is superior in visibility, 
20 light in weight and thin in thickiess. 

[0014] Features and advantages of the invention will t>ecome understood from the fblkiwing detailed description of 
the preferred embodiments described In conjunction with the attached drawings. 

BRIEF DESCRIP TION OF THE DRAWINGS 

[001 q In the accompanying drawings: 

Fig. 1 is a sectional view shewing an outline of an embodiment of a plasma display panel filter according to the 
present invention; 

30 Fig. 2 is a sectional view showing an outline of another embodiment of a plasma display panel fiter according to 
the present invention; 

Fig. 3 IS an optical measurement chart showing the light transmissk>n of a filter obtained in Example 1 of the 
present inventkin; 

Fig. 4 is an optical measurement chart showing the light reflectance of the filter obtained m Example 1 of the 
3S present invention; 

Fig. 5 is an optical measurement chart showing the light transmission of a filter obtained in Comparative 1 ; 
Fig. 6 is an optk»l measurement chart showing the light reflectance of the filter obtained in Comparative 1 : 
Fig. 7 is a sectional view showing an outline of an embodiment of a plasma display panel display unit according to 
the present invention; and 

40 Fig. 8 is a sectional view showing an outline of another embodiment of a plasma display panel display unit accord- 
ing to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRE D EMBODIMENTS 

45 [0016] A PDP fater according to the present invention will be specifically descrbed below, v^th reference to Figs. 1 
and 2. 

[0017] In Rg, 1 . metallic oxide films (2A, 28 and 2C) and silver transparent electric-conductor films (3A. 38 and 3C) 
are successively and alternatively laminated on the surface of a transparent film base 1 (Fig, 1 shows an example of 
three units) so ti^t every unit is constituted by a metallic oxide film and a silver trarisparent electric-conductor fibn, a 

so metallic oxide f Am 2D being formed in the outermost layer. 

[0016] Each of the above-mentioned metallic oxkle films is a film having optrcal transparency of a refractive index in 
a range of from 1 .5 to 2.7. The thickness of each silver transparent electric-conductor film is set substantially to a fixed 
value in a range of from 5 to 20 nm. In addition, design is made so that each of the thkdoiess of Ihe metallto oxkie film 
on the t)a6e surface and the thickness of the outermost metallic oxide film (2A. 2D) is 5/2 (1±0.1 5) times as large as the 

66 thk^kness of each silver transparent electric-conductor film, while the thickness of each of the other metallic oxkJe films 
located halfway (28, 2C) is 5 (1±0.15) times as large as the thickness of each silver transparent electrfc-conductorfilm. 
[0019] Fig. 1 shows an example in which a hard coat layer 4 and an anti-reflection and anti-contamination layer 5 are 
further formed on the surface of the outermost metallic oxide film 2D. and a transparent adhe^ve layer is formed on the 
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tack surface of the Iransparent film base 1 . 

[0020] Pig. 2 (where the same constituent elements as those in Rg. 1 are refererx»d correspondingly) illustrates 
another embodiment, showing an example of the POP fitter in which an undercoat layer 9 vnth a refractive index of 1 .5 
or less and a thickness of 0.05 to 1 ^m is formed between the surface of the transpar^ fHm base 1 and the metallic 
5 oxide film 2A provided on the surface thereof, while a f Qm in which a hard coat layer 4, an anti-reflectk)n layer 7 and an 
anti-contamtnatk>n layer 8 are successively formed on one sUe of another transparent film base 11 is prepared, and the 
film is stuck to the surface of the outermost metallic oxide film 20 through a transparent adhesive layer 61 formed on 
the other skie of the base 11. 

[0021] As the transparent film base used in the present invention, one having transparerv;y In the visft>le tight range 
10 is available if its surface is smooth to some extent. Por example, polyethylene terephthaJate, triacetyl cellulose, polyeth- 
ylene naphthalate» polyether suifone. potycartxmate. polyarylate. polyether ether ketone, etc. are preferable Although 
there is no limit in thickness of the film base unless any problem such as thermal wrinkles or the like oocurs in the drying 
process, a film base having a thickness of 10 to 250 pm is usually used. 

[0022] In addition, although a polymeric film nniay be used as it is without any treatnrtent as the fim base, it may be 
16 subject to a hard coating treatment for giving mar-proof property to its one or txsth sides. The treatmerrt may be of the 
UV-curing type or of tfie thernrK>&etting type, artd the thickness is preferably In a range of from 1 to 1 0 /im. The marisrooff 
effect is k)wered if the thk^kness is less than 1 /im. On the other hand, a crack is apt fo appear if the thickness exceeds 
10 /im. Further, pigment for adjusting the cok>r of visitde light may be mixed into the film base, or coated on the film 
base. 

20 [0023] Exarpples of the transparent molded body are transparent plastic plates of acrylic resin such as poly methyl 
methacryiate, polycarbonate resin. ABS resin, etc.. and glass plates. However, the mokJed body is not limited particu- 
larly to those mentioned above, so long as it has a transparency, a certain measure of mechanical strength and heat 
resistance. The thk:kness thereof is in a range of from 1 to 1 0 nrun. preferably from 2 to 5 mm. 
[0024] In addition, pigment for adjusting the cok)r of viable light may be mixed into the inskie of the transparent 

25 molded body, or coated on the surface thereof. Further, a hard coat layer, an anti-reflection layer, an anti-glare layer and 
so on may be formed directly on the PDP-^ide surface of the transparent mokfed body, or a transparent film base off 
which these layers are once formed may be stuck to the PDP-skfe surface. 

[0025] As the material for the metallic oxide films, optical film materiafs having high refractive index can be used to 
some extent. Preferably, the refractive index of the thin films is in a range of from 1 .5 to 2.7. If the refractive index is less 

30 than 1 .5, it is necessary to increase the thickness of the metaJlic oxide films, with the result that cracks are apt to appear 
when the metalJk; oxde f Ums are multilayered. On ttie other hand, if the refractive index is beyond 2.7. the difference in 
refractive Index between tiie outermost metallic oxkJe film and tiie air t>ecomes too great to suppress the visible light 
reflectance to a low value. In addition, a single metallk; oxUe or a mixture of metallic coddes may be available. Further, 
more preferable is a material which has an effect to prevent migration of silver, or an effect of barrier to water and oxy- 

35 gen. 

[0026] Preferable examples of the metallic oxide materials are oxide which has indium oxkJe as the main ingredient 
and contains a small amount of titanium dioxkfe, tin oxide, cerium cockje; titanium dkxxkle: zirconium oxUe; bismuth 
Qxkle: niobium pentoxkie; zirx; oxide; etc. These thin film layers can be provkied in a vacuum dry process euch as sput- 
tering, vacuum deposition, ion plating, or the like. The thk;kness of tiie metaJIk: oxUe films is preferably within a range 

40 of from 18 to 100 nm, and the film thickness providing the optimum optical properties is deeded by the refractive index 
thereof, the thk:kness of the silver transparent electric-conductor films, the total numl^er of layers, and so on. 
[0027] The material of the silver transparent electric-conductor films consists of silver of 90 weight % or more and one 
or nnore elements selected from goki. copper, palladium, platinum, manganese, and cadmium. It is preferable to use a 
material containing a solid solution of silver of 90 to 99 weight % and tiie above-mentk>ned metals of 1 to 10 weight % 

45 in view of preventing silver from deterioratk)n. If goki mixed therein is not less than 10 weight %, the specif k: resistance 
increases so tiiat it is diffk:ult to obtain a low resistance value. On tiie other hand, if goki is not more 1 weight %, sihrer 
Is apt to deterk>rate. As the means for forming the silver ti'ansparent electro-conductor films, a vacuum dry process 
such as sputtering or the like is used. The thickness of the silver transparent electric-conductor films is preferably in a 
range of from 5 to 20 nm. arKl more preferably in a range of from 9 to 1 7 nm. 

50 [0028] Tlie present inventors established target values of properties to be provkied in a PDP titer tor simultaneously 
cutting electromagnetic waves as well as near infrared rays generated from a PDP, as shown In tiie following IMe 1. 
and promoted research and development eameetf y. 
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Table 1 



5 


Target Properties of PDP Filter 


Kern 


Target Properties 




Surface Resistance Value 


2Ci/o or less 




Visible Light Transmission at 550nm 


40% or more 


10 


IR Cul Ratio at 850-1200 nm 


95% or more 




Visible Light ReflectarKe at 550nm 


3% or less 



[0029] In sprte of these target properties, various composite materiate have been considered conventionally, as 
IS desatoed in the paragraphs with respect to the background art. Most of the materials are however low in visible light 
transmission or low in reflection properties, or involve production of cracks or the like, or are less in reliability. In addition, 
If the configuration is made complicated in order to satisfy the required properties, it becomes expensive inevitably 
[0030] The present inventors repeated earnest examination on means for satisfying such required prop^es in a dry 
process on a transparent film base with a conparatively sinnple laminated configuration. As a result surprisingly, the 
20 present inventors have found that a filter which does not require an IR absorbent and whfch is superior in optical prop- 
erties while having a low resistance value can be attained in a comparatively simple laminated configuration when the 
foltowing conditions are satisfied by a laminated body in which a metallic oxide fflm. a silver transparent electric-conduc- 
tor film, a metallic oxide film, a silver transparent electric-conductor film, and a nrietallic oxide film are laminated succes- 
sively and alternately in multi-layers on a transparent film base, that is, a laminated body expressed the expression 
2S Of transparent film base/(metallk; oxide film/silver transparent electric-conductor f ilm)n/metallic oxide film. 

(1) Each of the metallic oxide films is made to be a film having optical transparency with a refractive index not less 
ttian 1 .5 €UxJ not more than 2.7. 

(2) The thickness of each silver transparent electric-conductor film is set substantially to a fixed value in a range of 
30 from 5 to 20 nm. 

(3) D (positive number) is selected In a range satisfying 3^n^^ 0. 

(4) Each of the thickness of the metallic oxide fHm on the film base surface and the thickness of the outermost 
metallic oxide film is set to be 5/2 (1±0.15) times as large as the thtekness of the silver transparent electrte-conduc- 
tor films. 

35 (5) The thickness of the metallic oxide films located halfway between the metafiic oxkJe films stated in the above 
parag^aph (4) is set to be 5 (1±0.15) times as large as the tWckness of the silver transparent electric-conductor 
films. 

[0031 ] For example, when n»3 (see Fig, 1 ). the laminated body has a lamination of a transparent f ilm base 1 /a metallic 
40 oxide film 2A/silver transparent electric-conductor film 3A/the same 2BAhe same 3B/the same 2C/khe same 3C/a metal- 
lie oxide film 2D. In this case, if the silver transparent electric-conductor films {3A. 3B and 3C) are set to be 13 nm thick, 
the metallic oxide f ilms (2A and 2D) are 32.5 nm thick, and the metallic oxKle films (2B and 2C) are 65 nm thick. Then 
the optical properties in Table 1 can be satisfied. 

[003^ Similarly to the above case, when nc4, the laminated body has a lamination of 

45 1/2A/3A/2B/3B/2C/3C/2D/3D/2E. In this case. H the silver transparent elec?tric-conductor films (3A. 3B. 3C and 3D) are 
set to be 1 2 nm thick, the metallic oxide films (2A and 2E) are 30 nm thick, and the metallic oxkJe films (2B. 2C and 2D) 
are 60 nm ttiick. 

[0033] Further, similarly to the above cases, when n«:5, if silver trar^parent electric-conductor f BnrK (3A to 3E) are set 
to be 11 nm thkrf<, metallic oxide films (2A and 2F) are 27.5 nm thki^, and metallic oxide films (2B, 2C. 2D and 2E) are 
so 55 nm thick. 

[0034] In the above descriptkxi. the tolerance between 5/2 times and 5 times w^mich are setting conditions for the thick- 
ness of metallic oxide films depends on the refractive index of the metallic oxide films. 

[0035] In addition, in the case where the thickness off the silver transparent electric-conductor films is set to be not 
less than 5 nm and less than 1 1 nm. it will go well if they are made into multi-layers within a range of n=6 to 10. In the 
^ case where the tNckness of the silver transparent electric-conductor films is set to be 1 4 to 20 nm, the optimum refrac- 
tive index and the thickness of metallic oxide films are set under the condition of n^3. 

[0036] In the case of n<3, the surface resistance value can be reduced by irweasing the thickness of each silver 
transparent electrks-conduclor film, while the optical properties cannot be satisfied. On the other hand, in the case of 
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n>1 0. there are combinations satisfying the properties in TaWe 1 . but the con! iguraton iteetf ^^^^"^^^ 
that the objects of the present invention cannot be attained In a comparatvely simple cortfiguratwn which is intended 
l>y the invention. 

[00371 The hard coat layer 4 is formed in order to prevent the laminated body from being Injured, berause the lami- 
nated body is stuck directly to the PDP front display portion and there is therefore a Ngh Pf^ibility ttia^^^ huiwi may 
touch the laminated body. When the refractive index of the hard coat layer is 1 .45 orl^ !lf^^ 
coat can be given without redud ng the optical properties, particularly without reducing the 'f^fl^'^^^^^ 
innermost metairicoxidefilmto the outermost metallic oxide filmJn a^^^^ 

of contact with water of 90« or more because the hard coat layer can also has an anti-contaminaton property. The film 
tWckness Is preferably in a range of from 0.05 to 10 pm. more preferably in a range of from 0.1 to 6 Aim. 
100381 As the hard coat materials having a refractive index of 1.45 or less. thermosetUng-type 5i02 materials, uv- 
curlng-type f luoro polymer materials, etc. are preferable In hardness, but the hard coat materials are not fimrted frereto. 
In this case, an anti-reflection and anti-contamination layer 5 may be formed though it is not recfjired to be formed. 
10039] When the refractive index of the hard coat layer exceeds 1 .45. optical properties, particularly reflection prop- 
erties deteriorate from the innermost metallic oxide film to the outermost metallic oxide film, but materials with a high 
refractivity are suitable for improving the surface hardness. In order to obtain enough surface hardness while giving loss 
in rrtlectkxi properties as small as possible, the thickness is preferably set to be in a range of from 0.05 to 10 /imjrnore 
preferably from 0.1 to 6 /im. An anti-reflection and anti-contanrwnation layer 5 may be formed on this surface in order to 
inprove the reflection properties. As for the art! -reflection and anti-contamination material, an optfcalfilm of 
five f luororesin. MgFg. CaFg. or the like may be formed in a dry process such as a coating method, a sputtering method 
or the like. The thtekness of the optical film is preferably set to be in a range of from about 0.001 to 1 /xm. 
[0040] Instead of forming a hard coat layer directly on the surface of the outermost metallic oxkje flm, as shown in 
Rg 2. a f am in which a hard coat layer 4. an antl-ref leclton layer 7 and an anti-contamination layer 8 are formed on one 
skie of another fransparent film base 1 1 is prepared, and the f flm Is stuck to the surface of the outermost metallic oxide 
2S film through a transparent adhesive layer 61 formed on the other side of the base 11. 

[0041 1 In this case, any material, if it can be used as the transparent f flm base 1 . may be used as the transparent flm 
base 1 1 without limrtation. Usually, polyester film or triacetyl cellulose film is used. For the hard coat layer, a high hard 
coat agent is generally used, and H fe preferable to use a material selected from UV-curing4ype acryi urethane deriva- 
tives. Ihennosetting-type siloxane derivatives, or the like, and with a thickness in a range of from about 1 to 10 m. The 
30 anti-reflection layer and the anti-contamination layer may be replaced by one layer fonmed of a material having both the 
above-mentioned anti-reflection property and anti-contamination property. A material of water*repeBent fluororesin. 
M0S2 or the like may be subjected to a dry process such as a thin layer coating process, a sputtering process or the 
like, so as to form an anti-contamination layer on an anti-reflection layer constituted by a multilayer fim off a high-refrac- 
tive film and a low-refractive film formed by a method such as sputtering deposition or the like. 
35 [0042] In additon, when an undercoat layer 9 with a refractive index of 1 .5 or less and a thickness of 0.05 to 1 iim is 
formed between the surface of the transparent film base and the innermost metallic ox'de film, there are an effect that 
the adhesion between the metallic oxide film and the film base can be improved, and an effect that the visible light 
reflectance of the laminated body as a whole is further reduced. As the material of the undercoat layer. UV-curing-type 
low-refractive f luoro polymer to which a functional group is infroduced to improve the adhe8k)n. UV-curing-type tow- 
40 refractive inorganic coat material, etc. are available. . 
[0043] As for the fransparent adhesive layer 6, the elastic modulus is preferably in a range off ffrom IxlOE to IxlOE 
dyn/cm^, and the thickness is preferably in a range of from 10 to 500 pm. more preferably from 25 to 300 /im. Examples 
off materials thereof include acrylic adhesive, r uhtoer adhesive, polyester adhesive, etc. Partkwlarty it is preferable to use 
an acrylic adhesive. To prepare the acrylic adhesive, one or more Wnds of (meth)acrylate alkyi esters having a Glass 
46 fransHk>n point not higher than -10*C after being polymerized, as principal monomers for gl\ring moderate wettabOity 
and plasticity as an adhesive, and in accordance with necessity functional-group containing monomers such as acrylic 
add, methacrylic add. 2-hydraxyethyl acrylate. and so on, and other copdymerizable mononws are polymerized in a 
process such as a solution polymerization process, an emulsion polymerization process, a self-polymerization process 
(particulariy a polymerization process by using urtravidet rays), a suspension pdymerization process, etc.. by using a 
50 suitable polymerization catalyst. To the acrylic polymer obtained in such a manner, various additives such as a 
crosslinker and so on are added. The acrylic pdymer may be off a themio crosslinkabte type, a photo (uttravidet rays 
or elecfron rays) crossfinkable type, or the like. 

[0044] If the fransparent adhesive layer having the above-mentioned properties is used, a swell in the PDP glass sur- 
face is absorioed so as to improve the sticking w^ile the film Is stuck diredly to the PDP front display glass. In addition. 
55 even if a foreign matter from the outside collides against this adhesive layer area after the f Pm is stuck, not only it is dif- 
f teult to damage the film surface because of a cushion effect of the adhesive layer, but also it is possible to obtain such 
a property that the adhesive thickness is reduced for a moment, the adhesive restores itself before long so that the film 
recovers its original snnooth surface as if nothing had happened. 
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[0045] Next, the present Invention will be specifically descrit>ed by way ol example, but the present invention is not 
limited to such examples. 

Example 1 

5 

[0046] UV-curing-type hard coat resin (having as its main ingredient the trade name UNIDIC 17-613 made by DAIN- 
IPPON INK AND CHEMICALS. INCORPORATED) was applied to be 5 /im thick on one Side of a transparent polyeth- 
yiene terephthalate (PET) film 125 pm thick. By using the transparent film base to which mar-proof was given in the 
above mariner, thin films were formed successively on the hard coat (HC) side in the order of a metallic oxide film, a 

10 silver transparent electric-conductor film, and a metallic oxide f am, in a DC magnetron sputtering process. 

[0047] The visible light transmission at 550 nm of the transparent film base with the HC was 89%. In203-12.6 weight% 
Ti02 was used as target material for forming the metallic oxide films, and Ag-5 weight% Au was used as target material 
for forming the silver transparent electric-conductor films. The film tNckness was measured by a working curve of fOnv 
forming speed by using a surface roughness tester (DEKTAK3) and precision measurement by using a transmission- 

75 type electron microscope, upon each film attached to a thick film. To measure resistance values, a tester (Lorester SP) 
made by MITSUBISHI PETROCHEMICAL CO., LTD. was used. In addrtwn. optical properties were measured by using 
U-3410 made by HITACHI. LTD. 

[0048] Three Wnds of laminated body samples (1). (2) and (3) were produced, in which n units (n-3, 4, 5) were suc- 
cessively lanrinated to the following thickness on the HC of the above-mentioned transparent film base when every unit 
20 is constituted by a metallic oxide film and a silver transparent electrk:-Gonductor film, and a metallic oxide film was 
formed in the outermost layer. 

(1) 32.5/13/65/13/65/13/32.5 (nm) 

(2) 28.5/1 1 .5/57.5/1 1 .5/57,5/1 1 .5/57.5/1 1 .5/28.6 (nm) 

SS (3) 26.0/10.5^2.5/10.5^2.5/10.5/52.5/10.5/52.5/10.5/26.0 (nm) 

[0049] The fitter properties of the produced samples are shown in Table 2. 



Table 2 



Filter Properties of Samples 


Property Item 


Sample (1) 


Sample (2) 


Sanple (3) 


Surface ReststarK;e Value (O/o) 


2.0 


2.0 


1.9 


Visible Light Transmission at 550 nm. (%) 


73 


73 


73 


IR Cut Ratio at 850-1200 nm. (%) 


95 or more 


96 or more 


97 or more 


Visible Light Reflectance at 550 nm. (%) 


3 


2 


2 



40 

{0050} In addition, optical measurement charts about the sample (1) of the produced filters are shown in Figs. 3 and 
4. According to Fig. 3, it is seen that high transmission could be obtained in the visible light area, and most of near infra- 
red rays not less than 800 nm were cut. According to Fig. 4. it is understood that reflectance was low all over the visible 
light area. 

46 [0051] As is apparent from the above-mentioned Tat>le 2 and Figs. 3 and 4. it was possible to obtain a filter having 
superior optk:al properties of a k>w resistance value. IR cut, and so on. by a simple configuration of a sputter laminated 
film of 7 layer in total with n-3. In the case of n=4 and n«i5. it was found that the properties were improved though the 
number of laminated layers increased. 

so Comparative Example 1 

[0052] Although respective materials and a production method were similar to those in Example 1, the thickness of 
metallic oxkJe films was set to the following values which were departed from the scope of the present invention. Two 
kinds of laminated body samples (4) and (5) were produced thus, and evaluation was perfbrmed in the same manner 
55 as that in Example 1 . 

(4) 37.5/13/75/13/75/13/37.5 (nm) 

(5) 32.5/13/75/13/75/13/32.5 (nm) 
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[0053] The filter properties of the produced sanples are shown in Table 3. 



Tables 



Filter Properties of Samples 


Property Item 


Sarrple (4) 


Sample (5) 


Surface Resistance value (O/b) 


2.0 


2.0 


Visible Light Transmission at 650 nm, (%) 


70 


69 


IR Cut Ratio at 850-1200 nm. (%) 


88 




Visible Light Reflectance at 550 nm, (%) 


4 





20 



SO 



S?t!cJ ■ measurement charts about the produced sanple (4) are shown in Figs. 5 and 6. Accofd- 

Si om^'rf' il . «]« fransmission of blue light deteriorates, and the cutting of near infrared rays not less than 

800 wn are insufficient In addition, according to Rg. 6. M is understood that the reflectance of blue is fST^ 
[WW5J As apparent from the above-mentioned Table 3 and Figs. 5 and 6, it was invossible to obtain a f iHer satisfwina 

ness balance of the metallic oxide films set to values departed from the scope of the present inveitlian. 
Example 2 

[SJ®/ND'JlS2??«?[^!i^/^'^^^^^ ^^'^^ name JM5010. made by NIPPON SYNTHETIC CHEM- 

^♦hL in c 7^ ^ ' *«sapplied by gravure coating onto an HC of a transparent PETfibn 125 /im thick simyar 
to thatjn Example l, and cured by ultraviolet inadiation at 300 mjW tor 3 minutes, so that an undeTcoat laywO IS 
w?' '"^^ *^ ^ was 1 .41 . and the material used therefor had no slipperineS ^ 

^toii^etheadherencebetweenthe HCofthe transparert film base and the metallic oxide film formed there^ 
prosTj ^ wing malenals and a manufacturing method similar to those in Exanple 1. laminated bocfies were urb- 
dUced. m wh«h n umts (n=3) were successively laminated to the following thickness on this undercoat layer such that 

al^l^^'t'^^ *^ * "^'^"^ ""^ ^"^ « transparent electrio^ondudor film. a\rt a ^J^S^ 
fiffl was formed in the outermost layer. ~ « ■ •owiin, owe 

Thickness d eachfilm: 32.5/13/65/13/65/13/32.5 (nm) 

[0W8] Next, an SiOa hard coat material (the trade name LR201 . made by NISSAN CHEMICAL INDUSTRIES LTDi 
SSjre'SS^o 'Tr^^H ' as a hard coat layer on the above-mentioned outennosi metaOic oxide film ^ 

Vwure coating^ thereafter cured at 150'C for 5 minutes. The thus obtained haid coat layer was 5 /im thick, and 
the angle of contact with water was 104 degrees. « » /«" u.iws «rw 

i?^' fl!^'^!!!!'^'*^ adhesive solution virith a solids content of 20 weight % was coated on the back surface of the 
^ ZH^ J*"^^'* 150"C ter 5 n^nules. thereby forming a transparent adhesive layer 

Jjib a thickness of 50 A<m and an elasticity modulus of 1.8x10E6 dyn/cm^. A laminated body sanple (6) was produced 

« in vvhich the same sample (6) was stuck to a POP from di^ 

^^!^ laminator wera prepared as evaluation samples. The results of evaiuatfon are shown iiiTbble 4 /tefe 
apparent from Table 4. the sample (6) provided superior results in electromagnetic wave shield properties, near infrared 
ray cutproperties. and low visible light reflection properties, and it was possible to obtain a POP frent filer sinerior in 
mar^jroof. superior in visibility, and having both thinness and lightness in weight 

so ExanpleS 

'*"*^ff * ^"^^^ ^ BxBmfiie 1 was fbrmed on one side of a transparent PET 

^^t^"! "^^^ ^ ^- «<«Pt tfw* on «hfe under- 

coat layer. IrigOa-lO weight% SnOg was used as target material tor forming metallic oxkJe films, and Ag-3 weight% Au 

^ *® thickness of each film formed on the above-mentioned undercoat layer and constituting the iami- 
natod body, each silver transparent electric-conductor film was set to be 12 nm thick, and each of the iiviermoet and 
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outermost metallic oxide films was set to be 34.4 nm thick, vvhile each of the other metallic oxide films located halfway 
was set to be 68.8 nm thick (n=3). Next, UV-curing-type hard coat (having as its main ingredient the trade name 
UNIDIC 17-813. made by DAINIPPON INK AND CHEMICALS. INCORPORATED) with a refractive index of 1.55 was 
applied onto the outermost metallic oxide film in a fountain reverse process, and solidified by ultraviolet in^iation at 300 
5 mJ/cm^ tor 3 minutes, so as to form a hard coat layer 5 pm thick. Further, an organic fluoride anti-reflection and anti- 
contamination material (the trade name JM5025. made by NIPPON SYNTHETIC CHEMICAL INDUSTRY CO.. LTD.) 
was applied onto the hard coat layer by gravure coating, and irradiated by ultraviolet rays at 300 nU/cm^ for 3 nrvnutes 
so as to form an anti-reflection and anti-contamination layer 0. 1 5 ^m thick. 

[0063] On the other hand, acrylic adhesive solution with a solids content of 20 weight % was coated on the back sur- 
10 face of the above-mentioned transparent film base, and dried at 150'C for 5 minutes, thereby forming a transparent 
adhesive layer with a thickness of 100 /jm and an elasticity modulus off I.OxlOE® dyn/cm^. A laminated body sample 
(7) was produced thus. 

[0064] this sample (7) and another sample in which the sample (7) was stuck to a POP front display glass portion by 
a roll laminator were prepared as evaluation samples. The results of evaluation are shown in Table 4. As is apparent 
IS from Table 4, the sample (7) provided superior results in electron^gnetic wave shield properties, near Infrared ray cut 
properties, and low visible light reflection properties, and it was possible to obtain a PDP front filter superior in mar- 
proof, superior in visibility, and having both thinness and lightness in weight. 



Table 4 



Filter Properties 


Evaluated Form 


Property Item 


Exanrple 2 


Example 3 


Laminated Body 


Surface Resistance value (O/a) 


2.0 


1.9 


Visible Ught Transmission at 550 nm, 
(%) 


73 


71 


IR Cut Ratio at 850-1200 nm. (%} 


95 


97 


Visible Light Reflectance at 550 nm, 
(%) 


3.0 


3.0 


Stuck to PDP. 


Surface Pencil Hardness 


2H 


3H 


Steel Wool Test (Product No.#0000. 
250g/cm2xl0 times) 


No Surface Mark 


As Left 


Visit)Hity 


Superior display with less double 
Reflectance and less angle variatkvi 
could be confirmed. 


As Left 



40 

Example 4 

[0065] An undercoat layer 0.15 pm thick similar to that in Example 2 was formed on one Side of a transparent PET 
film 125 /imtKick. 

45 [0066] By the same production method as that in Example 1 , a laminated body was (Hoduced, in which n units (n=3) 
were successively lamir^ted to the following thickness on tNs undercoat layer when every unit is constituted a metal- 
Ik: oxkJe film and a silver transparent electric-conductor film, and a metallic oxkJefilm was fonmed in the outermost layer. 

Thickness of each film: 32.5/1 3/65/13/65/13/32.5 (nm) 

so 

[0067] Next, a triacetyl cellulose (TAC) film base 80 /im thick was prepared. UV-curing-type HC resin (having as its 
main ingredient, the trade name UNIDIC 15-829. made by DAINIPPON INK AND CHEMICALS. INCORPORATED) was 
applied to a thickness of 5 fxm onto one side of the film base. After that, a silicon resin layer (the trade name LR201 , 
made by NISSAN CHEMICAL INDUSTRIES. LTD.) with a refractive index of 1.36 having anti-reflectton properties and 
ss anti-cofTtamination properties was applied to a thickness of 0.2 ^m onto the HC resin layer. The angle of contact with 
water of this anti-reflection and anti-contamination layer was 104 degreea 

[0068] A transparent adhesive layer 23 thick was formed on the back surface of the above*mentioned one-side- 
treated TAC film. The film was stuck to the surface of the outermost metallic oxkfe film of the laminated body. Further, 
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acryUc adhesive solution with a solids content of 20 weight % was coated on ttie 

Jet tese and dried at 150°C for 5 minutes, thereby forming a transparent adheswe layer wrth a tNchness of 100 
a^a^S^ nSulus of 1 .OxlOE« dyn/cm^. A laminated body sannple (8) was produced thus. 
S^Sr^s^mple (8) and another sanple in Which thesample (8) wass.^ 

Linator wTre ^ipared as evaluation samples. The results of ^^^^^"^^^^ l2^^c2 
from Table 5. the sample (8) provided superior results '^J^'^^'^fT^^^^ ?SlT^^^!^^rm^ 
properties, and tow visible light reflection properties, and .t was possible to obtain a POP front imer eupenor m ma 
proof, superior in visibility, and having both trtnness and lightness in weight 
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Table 5 


1 " Filter Properties 


Evaluated Form 


Property Item 


Example 4 


Laminated Body 


Surface Resistance Value (O/D) 


2.0 


Visible Light Transmission at 550 nm. (%) 


74 




IR Cut Ratio at 850-1200 nm. {%) 


95 




Visible Light Reflectance at 550 nm, (%) 


2.0 


Stuck to PDP 


Surface Pencil Hardness 


3H 


Steel Wool Test (Product No.#0000. 
aSOg/cn^xlO times) 


No Surface Mark 




Vlsft^fity 


Superior display with less double r^lectance 
and less angle variatton could be confirmed. 



so 



Example 5 

through a transparent adhesive. The sheet obtained thus was prepared as an evaluation sampw o. 
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Tables 


Filter Properties 


Property Item 


Examples 


Surface Resistance Value (O/n) 


1.9 


VisBcrfe Light Transmission at 550 nm, (%) 


60 


IR Cut Ratio at 850-1200 nm. (%) 


97 


Surface Pencil Hardness 


"in 


Steel Wool Test (Product No.#0000. 250gA;m2x10 times) 


No Surface Mark 


1 Visibility 


Double Reflectton Exists 



10O72] By setting the mutu^ thicMess relatfonship. ;'«<>.^«r;„tp^^^^ 
Utransparemelectric-conductorfilmsconsttulu^la^^^ 
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paratively simple laminated configuration, and which is superior in visMity. ^^li;" 

to the present invention, it is also possible to provide a PDP display unit wh«h 6 provrfed wrth this POP Irtter and 

which is superior in optical properties. ^ ^ • u • 

100731 While the oresently preferred errtxxliment o1 the present Invention has been shown and deswibed. it is to be 
5 ^!^^^u":^ZelX the purpose of illustration and that vartous Janges and mod«ica«oo may be made 
without departing from the scope of the iiwention as set forth in the appended claims. 

Claims 

w 1 . A filter fbr a plasma display panel comprising: 
a transparent film base; 

a first metallic oxide film laminated on said transparent film base; ..„;»«« fintt 

a sSve^Jansparent electric-conductor film laminated on said transparent, wherein « '*?"?!^""1?L^,?^ 
ll^iL oxSm a^ said silver transparent electric-conductor «m is successively laminated unrt by unit ma 

number of n units (3^n^1 0) ; and ^ ..v*v^r ^ n- 

a second metallic oxide film formed on a plurality of saW laminate unte w*Hhe "um^r <rt d. 

wherein each metaBic oxWe film has optical transparency of a refractive index of 1.5 to 2.7. and ewh «iver 

rl^ert el^'te-condudor film has a thickness set substantially to a fixed value in a range of from 6 to 20 

Sere's one of saW first metallic oxide films put directly on the surface of ««« ''«~«^f 
^ metallic oxidefilm respectively has a thickness 5/2 (1±0^5) t,?!!^Sr4 ^StSS^SS^n 
ver transparent electric-conductor film, and each of other said first metallic oxide films ""^^ 
Sd^^ZmetaUic oxide film put directly on the surface of saW 

Uc oxide film respectively has a thickness 5 (1 ±0.15) times as large as the thKknass of said sliver transparent 
electric-conductor film. 

oxide, tantalum oxkJe, and niobium pentoxide. 

dium. platinum, manganese, and cadmium. 

A filter for a plasma display panel according to daim 1 . further comprising a hanl coat layer formed on a surface of 
said second metallic oxide film. 

Afifterforaplasmadisr^ay panel acco«fing to claim4.whereinsaW^^ 

orless. a thickness in a range of from 0.05 to 10 ^m. and an angle of contact with water of 90- or more. 

Afflter for a plasma display panel accoiding to c^im 4. ^^'S^'T^S^^^^ 
layer having a thickness in a range of from 0.01 to 1 *im formed on a surface ol said hard coal layer. 

A filter for a Plasma display panel according to claim l . further comprising a laminate of ^ 
jTa^SXi^ an anti.»Lnination layer being stuck to a surface of saW se^ metallK: oxKla 
STmSih a JaJIUern adhesive layer formed on a surface of sakJ another transparent f-lm base. 

Afinerforaplasmadisplay panel according to c^ml.n^rtherc^^^^ 

of 1 .5 or less and a thickness in a range of from 0.05 to 1 *im fomied between ^ '^^"^'^ saw «,« 
tase «!d saidfiret metallic oxide film provided on the surface of said transparent film base. 

9. A filter for a plasma display pan^ according to claim 1 • '"^ ^ ^-^f^/J^^'^^^^ " 
thickness in a range of from 1 0 to 500 ,im formed on a back surface of said transparent mm t>ase. 

1 0. A plasma display panel display unit comprising: 
a plasma display panel having a front display glass portion; 



25 



30 



35 



40 



8. 

so 



11 



BNSOOCID: <EP ^09909e8A1_l_> 



EP0 990 928A1 

a transparent adhesive layer; and 
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15 



20 



a transDarem aanesive ttiy» • ofiu . ^.^ 

a f WerLk on said front display glass portion of said plasma display panel tfirough said transparent adhas^e 
layer, said filter comprising: 

a transparent film base; 

a first metallic oxide film laminated on said transparent tarn Dase: „«,..w-»»o.m»nieaid 
I silver transparent electric-conductor film laminated on said transparent wherejn a ^^^^ ^ 
li^ metalli^ide film and said silver transparent electric-conductor film .s successively lammaled unrt by 
unilinanumberofnur«s(3sns10):and ™,«K«roin- 
a second metallic oxide film formed on a plurality of said larrwiate ut^ wrth the 'f^L ^act, silver 
wherein each metallic oxide film has optical transparency of a refractive «« -5 ^'^^^^Z 
Ja^Sl^electric-eonductor film hasathlctaiess set substantially toafuced«^^ 

Siein'Seof said f.st metallic ««« films put direcj, on the su,^^^ 

said second metallic oxide film respectively has a thickness 5C (1±0.15) times as large m me "»««"^ 
^^r^^^electric^ductor film, and each of other said ^T^,^ 
teSay beL^lS one first metallic oxide film put directly on m^ 

iJ^S metaBic oxide tarn respectively has a thickness 5 (1±0.15) 

of said silver transparent electric-conductor f ilm. 
11. A plasma display panel display unit comprising: 

;Srem,^S:tKlybeingatuchedonasur,aceo.saW 
as a transparent adhesive layer; and iranBoarent molded tx)dy 

said titer comprising: 

90 a transparent film base; 

a firct metallic oxide film laminated on said transparent film base. ^„,„i„ „ unH of said 

a sSer transparent electric-conductor film laminated on said transparent wherein a '"rj®""!?™?^ 
metSicTide film and said silver transparent electric-conductor f im » successively laminated umt by 
unit in a number of n units (3sni10); and .„»„™i»K*Bnuii*iarofn- 

35 a second metallic oxidef Hm formed on a plurality of said laminate *^ ^'T^ ^ ^ 

tSiTeach metaUic oxidefilm has optical transparency of a refractive <r|d« ol /-^ to2-7. «J aa*si^w 
SSSiStelecL-oonductor film has a tHckness set substantially to a f«^ 

Sia^rSe Of said first memllk: oxide films put director on -'^l^'iSl^^'Se 
of said silver trarisparent electric-conductor film. 
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FIG. 3 
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FIG. 5 
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